tique -des processus de diffusion par renversement de spins dus a ces impuretks.
Abstract. -Magnetic measurements as well as electrical resistivity and magnetoresistance measurements for temperatures ranging between 1.2 K and 300 K show that the transition from the para-to the ferromagnetic state, for nickel based concentrated alloys, occurs in a rather inhomogeneous way. The magnetic and transport properties show evidence for the existence of giant moments and nearly magnetic impurities whose concentrations increase with increasing nickel content.
The inhomogeneous nature of the transition from the paramagnetic to the ferromagnetic state in nickel based alloys was first pointed out in NiCu [I] and NiRh [2] alloys. Magnetization data on these alloys showed qualitatively that the ferromagnetic state occurs from the coupling of giant moments whose concentration increases with increasing nickel content. The systematic study that we have done on several nickel solid solutions Ni, -,TC (T = V, Mo, Cr, Ru, Ir) shows that the inhomogeneous nature of the transition and the existence of giant moments are general characteristics of the magnetic transition from paramagnetic to ferromagnetic state.
In a first section we summarize briefly the magnetization measurements in nickel alloys, especially for Nil -,VC and Nil -,Mo, alloys. As a first approximation the results are analyzed in a model where the magnetization arises from a band polarization term and from a single type of magnetic moments whose concentration increases rapidly with nickel concentration 131. However a more detailed study shows that a better interpretation of our results can be given by assuming that the magnetization originates from several types of magnetic moments corresponding to various local environments [4, 5, 61. In the second section we summarize the results for the temperature dependence of the resistivity (*) Part of a thesis to be presented at the Universitk LouisPasteur of Strasbourg, France.
(**) Equipe de recherche associke au C. N. R. S. no 100.
(4 K < T < 300 K) ; this variation [3, 71 and the corresponding magnetoresistance behaviour [8] are related to the occurrence of the magnetic moments. 
The magnetic moment y* of the magnetic impurity magnetization cannot be described by a simple model and its concentration c* are obtained from (1) where taking only into account the first neighbours ; Ccw = c* ~*~2 / 3 (kg : Boltzmann's constant) and
(ii) the high field xH (cf. (2)) and low field X' susfrom the saturation magnetization o, = c* y*. ceptibilities have to be identical if the above analysis In the low temperature and high field limits the would be fully consistent ; in fact we obtain increasing magnetization can be expressed according to the non-zero values for X , -X' as the critical composition following relation :
is approached. This difficulty is observed for all the
and The values of the giant moments p* are strongly dependent on the non magnetic element T. They increase with decreasing critical concentration cCrit for ferromagnetism, and this can be easily explained in the local environment model [4] : for NiCu alloys (cCrit = 56 at. % Cu) the concentration dependence of the saturation magnetization is consistent with a model for which a nickel atom carries a moment when it is surrounded by -at least -eight or nine nearest neighbours [5] giving an average cluster moment of about 10 y,.
When ccrit decreases, there is an increasing probability for a given nickel atom to be surrounded by other nickel atoms : this explains qualitatively why the moment per cloud p* is higher in NiRh alloys (p* = 25 p,, cCrit = 37 at. % Rh) [2] and still higher in NiV alloys (p* = 40 y,, cCri, = 12.8 at. % V) [3] ( Table 11) .
Values of the giant magnetic moments for nickel alloys
Nil -,T, However, two remarks are to be made concerning the preceding analysis :
(i) for alloys with very low values of cCrit (NiV, NiMo, NiCr), the probability for a nickel atom to have twelve nickel nearest neighbours is very large and the concentration dependence of the saturation nickel alloys (cf.
[I]) and is a general feature for results obtained near the critical composition. Furthermore, for a given specimen, the magnetization M -x' H is not a function of HIT and the saturation is less easy than expected for a Brillouin (or Langevin) function ; for a given temperature, the saturation becomes relatively much easier when the nickel concentration increases (Fig. 2 ).
FIG. 2. -Relative magnetization curves M(H)/M (52 kOe)
at T = 4.2 K for several nickel vanadium alloys.
From these last remarks, we suggest thus that the magnetization arises from several magnetic moments whose magnitude increases when the nickel concentration increases : the magnetization curves M(H, T) can be represented for 4 K < T < 300 K as resulting from three terms which are unambiguously determined (') : (a) a temperature independent term X' H (1) Another separation method is proposed by Mishra and Beck (1973, to be published) for Ni0.4Cu0.6 by using a least squares fit analysis of the magnetization data to several Brillouin or Langevin functions.
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Nearly magnetic and magnetic impurities in nickel vanadium alloys NiV alloys) the magnetization saturates for much lower fields so that M,,,(H/T) results from p,, p, and from much higher magnetic moments whose magnitude is roughly estimated to be p, = 150 p,.
Moreover, it appears that far from the critical concentration, the single magnetic moment (NiV : pi = 7 p,) is much smaller than the giant moments previously determined because a large part of the Curie-Weiss constant C,, previously attributed to magnetic impurities is now corresponding to nearly magnetic impurities (Fig. 3) . Finally 8" is roughly concentration independent (0" = 40 K for NiV alloys, and 0" = 70 K for NiMo alloys).
In conclusion, the present analysis in NiV and NiMo alloys shows that the magnetization originates from non magnetic, nearly magnetic and magnetic impurities whose concentrations increase with nickel concentration. The giant moments defined by (1) [l] represent qualitatively the order of magnitude of the magnetization process, but they result from equations (i) which neglect the nearly magnetic term and (ii) which average incorrectly the various moment contributions to the Curie constant. Moreover, the alloys presenting strong increases of the temperature dependent part of the resistivity for c cCri, (cf. section 11) are probably characterized by the important nearly magnetic term we determined for NiV and NiMo alloys. This term is essential for the study of the transport properties when the temperature is much larger than the characteristic temperatures of the magnetic impurities.
2. Transport properties and giant moments in nickel alloys. - The temperature dependent part of the electrical resistivity shows a characteristic behaviour whose main points are summarized and discussed in this section in connection with the existence of nearly magnetic impurities.
If p(0) represents the extrapolated residual resistivity at T = 0 K and p(T) the total resistivity at tempe- for some preliminary resistivity measurements on NiV alloys are discussed elsewhere [9] . An alternative phenomenological analysis can be the sum of a linear (BT) and a quadratic (CT2) term given, although in a more restricted temperature can account for the effects of two types of nearly range (4 < T 60 K) by representing the temperature magnetic impurities characterized by spin fluctuation dependent part as resulting from the sum of a linear temperatures 8; and e'i such that 8; < e' i and where 8; and a quadratic term :
is in the measured temperature range. However, a choice between both analysis is difficult to made in the Moreover, for c > tori,, 5 increases with increasing nickel content and reaches the largest value in the vicinity of the critical concentration (Fig. 6) . The temperature dependent part of the resistivity decreases when a magnetic field is applied leading to a negative temperature dependent magnetoresistance (Fig. 7) and the phenomenological law (Table IV) .
The qualitative interpretation of these results is easily understood with the previous results on magnetic properties : the temperature dependent part of the resistivity is mainly related to the nearly magnetic impurities whose characteristic temperatures 6; are in the studied temperature range, and whose concentration increases as the critical concentration is approached. The theories of localized spin fluctuation for isolated impurities 113, 141 accounts qualitatively for the temperature dependence of the resisitivity : p(T) -p(0) varies as T2 for T 4 el', and as T for T 6" ; p(T) -p(0) saturates and can even present a maximum for larger temperatures ( T 9 6").
At low temperatures, A (or B) is roughly proportional to x", suggesting that (5) represents in a phenomenological way the temperature dependence of the spin fluctuation resisitivity for a unique type of nearly magnetic impurity. The fact that C presents a slight minimum for c s cCri, and increases with magnetic field, while B decreases, could be related to the fact that X" represents only an average nearly magnetic term which results from several types of nearly magnetic impurities whose characteristic temperatures 6; are quite different and in (or below) the measured temperature range. The magnetoresistance for NiV alloys is consistent with the other experimental results : the negative temperature dependent magnetoresistance occurs from the quenching of the spin flip scattering of conduction electrons by the spin fluctuations leading to a decrease of the temperature dependent part of the resistivity with increasing magnetic field. The general features of the nearly magnetic nickel impurities in a palladium host ; transport properties with or without applied magnetic this shows qualitatively that the transport properties field are very similar to those of nearly magnetic are dominated, in the studied temperature range, PdNi alloys [14, 151 which is a characteristic system by the nearly magnetic impurities whose charactewhere the nearly magnetic character is induced by ristics are given by our magnetic measurements.
